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(54) Semiconductor integrated circuit comprising bipolar transistors and MOS transistors and 
associated fabrication method 



(57) Formed on a p-type semiconductor substrate 
are bipolar transistors and CMOS transistors. A bipolar 
transistor has a base extraction electrode a side-surface 
of which is covered with an oxide layer, a silicon nitride 
layer, and a polysilicon layer. A CMOS transistor has a 
gate electrode a side-surface of which is covered with 

FIG.1 



an oxide layer, a silicon nitride layer, and a side-wall 
layer. The silicon nitride layer on the side-surface of the 
base extraction electrode is formed by the same fabrica- 
tion step that the silicon nitride layer on the side-surface 
of the gate electrode is formed. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a semiconductor integrated 
circuit (SIC) apparatus formed of self-aligned, high- 
speed bipolar transistors, and CMOS transistors insep- 
arably associated on a single body of semiconductor 
material, and to an associated fabrication method. 

In recent years, mobile communication tools such 
as mobile telephones have made remarkable advances, 
and techniques capable of integration of high-frequency 
circuits and high-integration logic circuits in a single SIC 
are required. In other words, a technique is required 
which is capable of inextricably binding self-aligned, 
high-speed bipolar transistors suitable for, for example, 
high-speed ECL (emitter-coupled logic) circuits, and 
high-integration, low-power CMOS logic circuits, on a 
single semiconductor substrate. 

There are various self-alignment techniques. For 
example, Japanese Patent Application, published under 
Pub. No. 63-281456, shows a self-alignment technique. 
In accordance with this technique, a transistor with a 
self-aligned base extraction electrode and a self-aligned 
emitter extraction portion and a CMOS transistor are 
placed on a single semiconductor substrate. 

FIGURE 8 is a cross section of an SIC apparatus 
made in accordance in a conventional self-alignment 
technique. 54 is a p-type semiconductor substrate of sil- 
icon. Formed on the silicon substrate 54 are three tran- 
sistors of different types, i.e., an npn bipolar transistor 
51, a p-channel MOS (PMOS) transistor 52. and an n- 
channel MOS (NMOS) transistor 53. 57 is a first well 
region of p-type which is formed as follows. An epitaxial 
layer of an n-type semiconductor material is deposited 
all over the substrate 54. Subsequently, a region for iso- 
lation between devices of the epitaxial layer is subjected 
to an ion implant step and to a thermal annealing step, 
whereupon the p-well region 57 is formed such that it 
extends down to the silicon substrate 54. 59 is a 
LOCOS (local oxidation of silicon) layer for isolation 
between devices. The npn bipolar transistor 51, the 
PMOS transistor 52, and the NMOS transistor 53 are 
described in detail by making reference to FIG. 8. 

The structure of the bipolar transistor 51 is now 
explained. 55A is an n-type buried collector region that 
is formed in the substrate 54 by means of ion implant 
and thermal annealing. 56A is an n-type collector region 
formed by subjecting the n-type epitaxial layer depos- 
ited over the entirety of the substrate 54, to an ion 
implant step and to a thermal annealing step. 61 is an 
emitter-base formation region formed in a self-aligned 
manner 62A is a base extraction electrode for the bipo- 
lar transistor 51 of polycrystalline silicon (polysilicon) 
that is p-doped. 63A is an insulator layer of TEOS or the 
like material formed on top of the electrode 62A. 64A, 
64B, 64C, and 64D are insulator side-wall layers for the 
electrode 62A composed of TEOS or the like material. 
65 is an emitter extraction opening that is formed in a 



manner of self-alignment with the side-walls layers 64B 
and 64C. 66 is an emitter extraction electrode formed of 
polysilicon that is n-doped. 67 is a collector extraction 
electrode formed of polysilicon doped to n-type. 68 is a 

s graft base region doped with impurities by a thermal 
annealing step through the electrode 62A. 69 is an 
active base region formed by a thermal annealing step. 
70 is an emitter region formed, by a thermal annealing 
step performed through the electrode 66, in a manner of 

w self-alignment with the side-wall layers 64B and 64C. 71 
is a collector contact region formed by a thermal anneal- 
ing step. 

The structure of the PMOS transistor 52 is now 
explained. 55B is an n-type buried well region formed in 

75 the substrate 54 by an ion implant step. 56B is an n-type 
well region formed in the epitaxial layer. 60A is a first 
gate insulator layer formed by oxidation of a surface por- 
tion of the epitaxial layer. 62C is a first gate electrode 
formed of polysilicon doped to n-type. 63C is an insula- 
te tor layer of TEOS or the like material formed on top of 
the electrode 62C. 64E is an insulator side-wall layer of 
TEOS or the like material for the electrode 62C. 72A is 
a first LDD (lightly doped drain) region that is formed in 
a manner of self-alignment with a side-surface of the 

25 electrode 62C. 73A is a first source-drain region that is 
formed in a manner of self-alignment with the side-wall 
layer 64E by means of an ion implant step. 

The structure of the NMOS transistor 53 is now 
explained. 58 is a second p-type well region formed in 

30 the epitaxial layer in such a way as to extend to the sub- 
strate 54. 60B is a second gate insulator layer formed 
by oxidation of a surface portion of the epitaxial layer. 
62D is a second gate electrode formed of polysilicon 
doped to n-type. 63D is an insulator layer of TEOS or 

35 the like material formed on top of the electrode 62D. 
64G is an insulator side-wall layer for the electrode 62D. 
72C is a second LDD region that is formed in a manner 
of self-alignment with a side-surface of the electrode 
62D. 73C is a second source-drain region that is formed 

40 in a manner of self-alignment with the side-wall layer 
64G by means of an ion implant step. 

For example, in the PMOS transistor 52, the side- 
surface of the electrode 62C and the side-wall layer 64E 
act as a side-wall in order that an LDD structure, which 

45 is capable of suppressing generation of hot carriers 
which causes deterioration in performance, is achieved. 

In the bipolar transistor 51 , the side-wall layers 64B 
and 64C are formed and self-aligned in the same fabri- 
cation step as the side-wall layer 64E. As a result of 

so such arrangement, the dimensions of the emitter region 
70 are reduced thereby reducing junction capacitance. 
The distance between the electrode 62A and the emit- 
ter region 70 is made short to reduce base resistance. 
The high-frequency characteristics are improved. 

55 The distance between the graft base region 68 and 
the emitter region 70 (hereinafter called the FIRST 
PARAMETER) is a key factor for both the value of base 
resistance and the carrier transit time affecting the way 
in which the bipolar transistor 51 operates. For example, 
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the distance between the electrode 62C and the source- 
drain region 73A (hereinafter called the SECOND 
PARAMETER) is a key factor for both the resistance to 
hot carriers and the saturation drain current value affect- 
ing the way in which the PMOS transistor 52 operates. 5 

The above-described SIC apparatus, however, has 
some disadvantages. For example, FIRST and SEC- 
OND PARAMETERS are determined by the thickness 
of the side-wall layer 64B and the thickness of the side- 
wall layer 64E It is extremely difficult to determine both 10 
the thickness of the side-wall layer 64B and the thick- 
ness of the side-wall layer 64E in a single fabrication 
step for optimization of operating characteristics. Con- 
ventionally, in order to guarantee the performance of the 
PMOS transistor 52, the side-wall layer 64E which 15 
determines an LDD structure tends to be optimized in 
preference to the side-wall layer 64B. Therefore, it is dif- 
ficult to secure a sufficient fabrication processing mar- 
gin. 

Further, in the bipolar transistor 51, the thick side- 20 
wall layers 64B and 64C are formed around the perime- 
ter of the emitter-base junction. As a result, when the 
side-wall layers 64B, 64C, the thermal capacity of which 
is great, cool down, resulting contraction stress is 
applied to the perimeter of the emitter-base junction. 25 
This causes a deterioration in emitter-base leakage 
characteristic. Additionally, when the emitter width 
becomes narrow because of the miniaturization, the 
aspect ratio of the opening 65 (the ratio of the opening's 
65 height to its diameter) increases. This results in 30 
increase in the emitter resistance. 

SUMMARY OF THE INVENTION 

Bearing in mind the above-noted problems with the 35 
prior art technique, the present invention was made. 
Therefore, an object of this invention is to provide an 
improved SIC apparatus. More specifically, the operat- 
ing characteristics of bipolar and MOS transistors are 
optimized individually, the leakage characteristic 40 
between emitter and base is improved, and the emitter 
resistance of the emitter extraction electrode is 
reduced. 

In accordance with the present invention, a first 
side-wall layer for the base extraction electrode and a 45 
second side-wall layer for the gate electrode are formed 
by different fabrication steps, and the first side-wall layer 
is composed of an insulator layer and a conductor layer 
while the second side-wall layer is composed of an insu- 
lator layer. 50 

The present invention provides an SIC apparatus. 
This SIC apparatus comprises: 

(a) a bipolar transistor formed on a substrate of 
semiconductor material; 55 

(b) a MOS transistor formed on the semiconductor 
substrate; 

the bipolar transistor including: 
(a-1) a base extraction electrode; 



the base extraction electrode being associ- 
ated with a graft base region around a base region; 

the base extraction electrode being overlaid 
with a first insulator layer, and having at a side-sur- 
face thereof a first side-wall layer; 
(a-2) an emitter region; 

the emitter region being formed in a manner 
of self-alignment with the first side-wall layer; 
(a-3) an emitter extraction electrode; 

the MOS transistor including: 
(b-1) a gate electrode; 

the gate electrode being overlaid with a sec- 
ond insulator layer, and having at a side-surface 
thereof a second side-wall layer; 
(b-2) a source-drain region; 

the source-drain region being formed in a 
manner of self-alignment with the second side-wall 
layer; 

wherein: 

the first side-wall layer is formed by lamina- 
tion of a third insulator layer formed on the side-sur- 
face of the base extraction electrode and a 
conductor layer overlying the third insulator layer; 

the second side-wall layer is composed of a 
fourth insulator layer that is formed together with 
the third insulator layer in a single fabrication step. 

In accordance with the above-described SIC appa- 
ratus, the first side-wall layer of the bipolar transistor, 
which has conventionally been formed of a thick insula- 
tor layer, is made up of the thin insulator layer and the 
conductor layer. As a result of such arrangement, the 
thermal capacity of the first side-wall layer is reduced 
and less contraction stress is applied to around the 
perimeter of the emitter-base junction. The diameter of 
the emitter extraction opening increases because the 
conductor layer of the first side-wall layer and the emit- 
ter extraction electrode become an integral part, and 
hence the aspect ratio of the opening decreases. The 
emitter resistance of the emitter extraction electrode is 
reduced. 

Additionally, it is possible that the first side-wall 
layer and the second side-wall layer are formed in differ- 
ent fabrication steps. Accordingly, the distance between 
the graft base region and the emitter region can be con- 
trolled independently of the distance between the gate 
electrode and the source-drain region and both the dis- 
tances can be optimized separately. 

Further, the first side-wall layer is made up of the 
thin insulator layer and the conductor layer. As a result 
of such arrangement, less contraction stress is applied 
by the insulator layer to around the perimeter of the 
emitter-base junction. Deterioration in characteristic 
such as the leakage between emitter and base can be 
avoided. 

ft is preferable that the second side-wall layer is 
formed by lamination of the fourth insulator layer formed 
on the side-surface of the gate electrode and a fifth 
insulator layer overlying the fourth insulator layer. As a 
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result of such arrangement, the distance between the 
graft base region and the emitter region of the bipolar 
transistor can be controlled independently of the dis- 
tance between the gate electrode and the source-drain 
region of the MOS transistor, with greater latitude. 5 

As the third insulator layer, which is formed together 
with the fourth insulator layer in a single fabrication step, 
becomes thin, the conductor layer becomes thick As a 
result, deterioration in characteristic such as the leak- 
age between emitter and base can be further improved 10 
and emitter resistance is further reduced. 

It is preferable that in the above-described SIC 
apparatus the fifth insulator layer is a layer of silicon 
oxide. This ensures that the fifth insulator layer is 
obtained. 15 

It is preferable that in the above-described SIC 
apparatus the second side-wall layer is additionally 
formed at a different side-surface of the base electrode 
facing in such a direction that the base extraction elec- 
trode extends over a layer for isolation between devices 20 
which surrounds the graft base region. As a result of 
such arrangement, deterioration in characteristic (e.g., 
leakage between other conductor layers through the 
conductor layer, and increase in parasitic capacitance) 
can be prevented without increasing the number of fab- 25 
rication steps. 

It is preferable that in the above-described SIC 
apparatus the third insulator layer is formed by lamina- 
tion of an oxide layer formed on the side-surface of the 
base extraction electrode and a silicon nitride layer 30 
overlying the oxide layer. As a result of such arrange- 
ment, it is ensured that the third insulator layer is 
obtained. 

It is preferable that in the above-described SIC 
apparatus the conductor layer is a layer of polysilicon. 35 
As a result of such arrangement, it is ensured that the 
conductor layer is obtained. 

The present invention provides a method of fabri- 
cating a semiconductor integrated circuit apparatus 
composed of a bipolar transistor and a MOS transistor 40 
formed on a single semiconductor substrate. This 
method comprises the following steps of: 

(a) forming over the semiconductor substrate an 
isolation layer for insulating the bipolar and MOS 45 
transistors, and forming a gate insulator layer over 
device regions excluding the region where the iso- 
lation layer has already been formed; 

(b) performing an etching step to strip the gate insu- 
lator layer from a region where the bipolar transistor so 
is formed, and depositing a first conductor layer and 

a first insulator layer over the entirety of the semi- 
conductor substrate; 

(c) subjecting the first insulator layer and the first 
conductor layer to an etching step to form a base ss 
extraction electrode for the bipolar transistor, an 
insulator layer on top of the base extraction elec- 
trode, a gate electrode for the MOS transistor, and 

an insulator layer on top of the gate electrode; 



(d) forming a second insulator layer on a side-sur- 
face of the base extraction electrode, on top of an 
emitter formation region surrounded by the base 
extraction electrode, and on a side-surface of the 
gate electrode, and depositing on the entirety of the 
semiconductor substrate a third insulator layer and 
a second conductor layer; 

(e) subjecting the second conductor layer to an 
etching step to form on the side-surface of the base 
extraction electrode and on the side-surface of the 
gate electrode a first side-wall layer composed of 
the second insulator layer, the third insulator layer, 
and the second conductor layer; 

(f) performing an etching step, in which the first 
side-wall layer serves as an etch mask, to remove 
the third and second insulator layers from the emit- 
ter formation region, for self-aligned formation of an 
opening for an emitter extraction electrode; 

(g) depositing a third conductor layer on the entirety 
of the semiconductor substrate, selectively etching 
the third conductor layer to form above the opening 
said emitter extraction electrode, and performing an 
etching step to remove the second conductor layer 
of the first side-wall layer from other side-surfaces 
of the base extraction electrode except the side- 
surface thereof covered with the emitter extraction 
electrode, and from the side-surface of the gate 
electrode, to form a second side-wall layer; 

(h) forming the source-drain formation region in a 
manner of self-alignment with the second side-wall 
layer. 

In accordance with the above-described method, 
the first side-wall layer of the bipolar transistor, which 
has conventionally been formed of a thick insulator 
layer, is made up of the thin insulator layer and the con- 
ductor layer. As a result of such arrangement, the ther- 
mal capacity of the first side-wall layer is reduced and 
less contraction stress is applied to around the perime- 
ter of the emitter-base junction. Deterioration in charac- 
teristic such as the leakage between emitter and base 
can be avoided. 

The diameter of the emitter extraction opening 
increases because the conductor layer of the first side- 
wall layer and the emitter extraction electrode become 
an integral part, and hence the aspect ratio of the open- 
ing decreases. The emitter resistance of the emitter 
extraction electrode is reduced. 

Additionally, it is possible that the first side-wall 
layer and the second side-wall layer are formed in differ- 
ent fabrication steps. Accordingly, the distance between 
the graft base region and the emitter region can be con- 
trolled independently of the distance between the gate 
electrode of and the source-drain region. The base 
resistance value and the carrier travelling time affecting 
the way in which bipolar transistors operate, and the 
resistance to hot carriers and the saturation drain cur- 
rent value affecting the way in which MOS transistors 
operate, are all optimized. 
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Further, the conductor layer of the first side-wall 
layer is formed at a side-surface facing in such a direc- 
tion that the base extraction electrode extends over a 
layer for isolation between devices which surrounds the 
graft base region. As a result of such arrangement, 
deterioration in characteristic (e.g., leakage between 
other conductor layers through the conductor layer, and 
increase in parasitic capacitance) can be prevented 
without increasing the number of fabrication steps. 

It is preferable that the above-described method 
further comprises, after the step (g), depositing a fourth 
insulator layer on the entirety of the semiconductor sub- 
strate, and subjecting the fourth insulator layer to an 
etching step to form on the side-surface of the gate 
electrode the second side-wall layer composed of the 
second insulator layer, the third insulator layer, and the 
fourth insulator layer. 

The distance between graft base region and emitter 
region in a bipolar transistor can be adjusted independ- 
ently of the distance between gate electrode and 
source-drain region, with greater latitude. As a result, 
FIRST and SECOND PARAMETERS can be further 
optimized. 

Further, the third insulator layer can be made thin, 
as a result of which the first conductor layer becomes 
thick. Deterioration in characteristic such as the leakage 
between emitter and base can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cross-section of an SIC apparatus in 
accordance with a first embodiment of the present 
invention. 

FIGURES 2-7 depict cross-sections of the fabrica- 
tion of an SIC apparatus in accordance with a second 
embodiment of the present invention. 

FIGURE 8 is a cross section of an SIC apparatus in 
accordance with a prior art technique. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 

Referring now to the accompanying drawing fig- 
ures, a first preferred embodiment of this invention is 
described below. 

Referring first to FIG. 1 , there is shown the structure 
of an SIC apparatus made in accordance with the first 
embodiment. 10 is a p-type semiconductor substrate of 
silicon. 1 indicates an npn bipolar transistor formed on 
the silicon substrate 10. 2 indicates a p-channel MOS 
(PMOS) transistor formed on the silicon substrate 10. 3 
indicates an n-channel MOS (NMOS) transistor formed 
on the silicon substrate 10 14A is a region for isolation 
between devices. The isolator region 14A is formed as 
follows. A portion of an epitaxial layer of an n-type sem- 
iconductor material deposited on the entire surface of 
the silicon substrate 10. is subjected to an ion implant 
step and a thermal annealing step, to form the isolator 



region 14A in such a way that the isolator region 14A 
extends down to the silicon substrate 10. 14B is a p- 
typewell region. The p-well region 14B is formed as fol- 
lows. A portion of the n-epitaxial layer deposited on the 
5 silicon substrate 10 is subjected to an ion implant step 
and a thermal annealing step, to form the p-well region 
14B in such a way that the p-well region 14B extends 
down to the silicon substrate 10. 15A-E are LOCOS lay- 
ers for isolation between devices. The npn bipolar tran- 
10 sistor 1, the PMOS transistor 2, and the NMOS 
transistor 3 are described in detail. 

The npn bipolar transistor 1 is first described with 
reference to FIG. 1. 12A is an n-type buried collector 
region formed in the silicon substrate 10 by means of 
is ion implant and thermal annealing. 1 3A is an n-type col- 
lector region formed by subjecting a portion of the n-epi- 
taxial layer deposited on the entirety of the silicon 
substrate 10 to an ion implant step and a thermal 
annealing step. 17 is an emitter-base formation region 
20 formed in a self-aligned manner. 18A is a base extrac- 
tion electrode for the npn bipolar transistor 1 . The elec- 
trode 18A is composed of p-doped polysilicon. 19A is 
an insulator layer formed on top of the electrode 18 A. 
The insulator layer 19A is formed of TEOS or the like 
25 material. 20A is an oxide layer formed at a side-surface 
of the electrode 18A by means of thermal oxidation. 
21 A is a silicon nitride layer deposited over the side-sur- 
face of the electrode 18A by means of an LPCVD (low- 
pressure chemical vapor deposit) step and an etching 
30 step. 22A and 22B are polysilicon layers deposited by 
means of an LPCVD step and an etching step on the 
side-surfaces of the electrodes 18A, 18A, respectively. 
23 is an emitter region formed in a manner of serf-align- 
ment with the polysilicon layers 22A, 22B by means of a 
35 thermal annealing step carried out through an emitter 
©(traction electrode 25. 24 is a collector contact region 
formed by means of a thermal annealing step. The emit- 
ter extraction electrode 25 is composed of n -doped 
polysilicon. 26 is a collector extraction electrode com- 
40 posed of n-doped polysilicon. 32A is an insulator side- 
wall layer for the electrode 18A composed of TEOS or 
the like material. 33 is an emitter extraction opening 
formed in a manner of self-alignment with the layers 
22A, 22B. 34 is a graft base region that is doped. 
45 through the electrode 18A, with impurities by means of 
a thermal annealing step. 35 is an active base formed 
by means of a thermal annealing step. 

The structure of the PMOS transistor 2 is now 
described. 1 2B is an n-type buried well region formed in 
so the silicon substrate 1 0 by means of an ion implant step. 
13B is an n-type well region formed by subjecting the n- 
epitaxial layer deposited on the silicon substrate 10 to 
an ion implant step and a thermal annealing step. 16C 
is a first gate insulator layer formed by means of oxida- 
55 tion of a surface portion of the epitaxial layer. 18C is a 
first gate electrode formed of n-doped polysilicon. 19C 
is an insulator layer of TEOS or the like material overly- 
ing the electrode 18C. 20C is an oxide layer formed at a 
side-surface of the electrode 18C by means of thermal 
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oxidation. 21 C is a silicon nitride layer formed at the 
side-surface of the electrode 18C by means of LPCVD 
and etching. 27A is a first LDD (lightly doped drain) 
region formed by having the silicon nitride layer 21 C 
serve as a side-wall. 29A is an insulator side-wall layer 5 
for the electrode 18C formed of TEOS or the like mate- 
rial. 30A is a first source-drain region formed by means 
of ion implant in a manner of self-alignment with the 
side-wall layer 29A serving as an ion implant side-wall. 

The structure of the NMOS transistor 3 is now 10 
described. 14B is a second p-type well region that is 
formed by subjecting the n-epitaxial layer to an ion 
implant step and a thermal annealing step of the epitax- 
ial layer, so that the p-well region 14B extends down to 
the silicon substrate 1 0. 1 6D is a second gate insulator 75 
layer formed by oxidation of a surface portion of the epi- 
taxial layer. 18D is a second gate electrode formed of n- 
doped polysilicon. 19D is an insulator layer of TEOS or 
the like material overlying the electrode 18D. 20D is an 
oxide layer formed at a side-surface of the electrode 20 
18D by means of thermal oxidation. 21 D is a silicon 
nitride layer formed by means of LPCVD and etching at 
the side-surface of the electrode 18D. 28A is a second 
LDD region formed by having the silicon nitride layer 
21 D serve as a side-wall. 29B is an insulator side-wall 25 
layer for the electrode 18D formed of TEOS or the like 
material. 31 A is a second source-drain region that is 
formed by means of ion implant in a manner of self- 
alignment with the side-wall layer 29B serving as an ion 
implant side-wall. 30 

The silicon substrate 10 is a boron-doped, (100)- 
plane silicon the resistivity of which is about 10 Q. • cm. 
The npn bipolar transistor 1 , the PMOS transistor 2, and 
the NMOS transistor 3 are formed on the silicon sub- 
strate 1 0. 35 

The buried collector region 12A of the npn bipolar 
transistor 1 is formed by an impurity implant with arsenic 
or antimony. The junction depth and sheet resistivity of 
the collector region 12A are 1-2 jim and 50-150 tVn, 
respectively. The buried n-well region 1 2B of the PMOS 40 
transistor 2 is likewise formed by an impurity implant 
with arsenic or antimony. The junction depth and sheet 
resistivity of the n-well region 12B are 1-2 urn and 50- 
150 O/a. The formation of the buried n-well region 12B 
improves breakdown voltage between the drain-source 45 
region 3 of the npn bipolar transistor 1 and the silicon 
substrate 10. 

Impurities of arsenic or phosphorus are introduced 
onto the entire surface of the silicon substrate 10 to 
deposit the n-type epitaxial layer having a film thickness so 
in the range of 0.8 to 1 .5 nm and a resistivity in the 
range of 1 to 5 Q • cm. The film thickness of the epitaxial 
layer is defined by a region in the vertical direction of the 
n-collector region 13A and the n-well region 13B. The n- 
collector region 1 3A is formed as follows. Phosphorus is 55 
introduced to form the collector region 1 3A in the epitax- 
ial layer such that the collector region 13A extends to 
the n-collector region 12A of the npn bipolar transistor 
1 . The junction depth and surface concentration of the 



10 

collector region 13A are 0.8-1.5 jim and about 5 x 
10 16 cm' 3 , respectively. The collector region 13B is 
formed as follows. Phosphorus is introduced to form the 
collector region 13B in the epitaxial layer such that the 
collector region 13B extends to the n-well region 1 2B of 
the PMOS transistor 2. The junction depth and surface 
concentration of the collector region 1 3B are 0.8-1 .5 ^tm 
and about 5 x I0 16 cm~ 3 t respectively. 

The epitaxial layer thickness and the impurity con- 
centration of both the n-collector region 12A and the n- 
well region 13B are key parameters which determine 
not only device breakdown voltage, carrier transit time, 
and the base junction capacitance of the npn bipolar 
transistor 1, but also component performance such as 
device breakdown voltage and the source-drain junction 
capacitance of the PMOS transistor 2, and they are opti- 
mized by the foregoing conditions. 

The isolator region 14A is formed as follows. Boron 
is introduced into the epitaxial layer to form the isolator 
region 14A such that the isolator region 14A extends to 
the silicon substrate 10 within a region for isolation 
between devices of the npn bipolar transistor 1. The 
junction depth and surface concentration of the isolator 
region 14A are 1.2-2.0 jim and about 7 x 10 16 cm -3 , 
respectively. The p-well region 1 4B is formed as follows. 
Boron is introduced into the epitaxial layer to form the p- 
well region 14B such that the p-well region 14B extends 
to the silicon substrate 10. The junction depth and sur- 
face concentration of the p-well region 14B are 1.2-2.0 
\im and about 7 x lO^cm" 3 , respectively. 

The junction depth and impurity concentration of 
both the isolator region 14A and the p-well region 14B 
determine not only device breakdown voltage and com- 
ponent performance of the NMOS transistor 3 but also 
the device isolation breakdown voltage of the npn bipo- 
lar transistor 1. Therefore, when the junction depth and 
impurity concentration of both the isolator region 14A 
and the n-well region 14B are insufficient, breakdown 
voltage between the collector region 12A and the n-well 
region 12B becomes poor. 

The LOCOS layers 15A, 15C, 15D, and 15E are 
layers for isolation between devices, are formed in 
respective device isolation regions of the npn bipolar 
transistor 1 , the PMOS transistor 2, and the NMOS tran- 
sistor 3 by means of selective oxidation, each LOCOS 
layer having a film thickness in the range of 400 to 800 
nanometers. The LOCOS layer 15B is a layer for isola- 
tion between devices, is formed in a base-collector elec- 
trode extraction portion region by means of selective 
oxidation, and has a film thickness in the range of 400 to 
800 nanometers. 

If the LOCOS layer 15B is thin, this results in 
increase in parasitic capacitance between base and col- 
lector of the npn bipolar transistor 1 . If the LOCOS layer 
15D is thin, this results in decrease in device isolation 
breakdown voltage between the PMOS transistor 2 and 
the NMOS transistor 3. If the LOCOS layer 1 5 is thick, a 
great step is created at end. 

The first gate oxide layer 16C is an insulator layer 
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which has a film thickness of about 10 nanometers and 
which is formed on a surface portion of the epitaxial 
layer of the PMOS transistor 2 by means of pyrogenic 
oxidation. The second gate oxide layer 1 6D is an insula- 
tor layer which has a film thickness of about 10 nanom- 5 
eters and which is formed on a surface portion of the 
epitaxial layer of the NMOS transistor 3 by means of 
pyrogenic oxidation. 

The electrode 18A is formed as follows. A polysili- 
con layer is deposited having a film thickness in the 
range of 300 to 400 nanometers so that one end ol the 
electrode 18A is bound to the graft base region 34 and 
the other end extends over the LOCOS layer 15B or 
15C. Subsequently, boron as a p-type impurity material 
is introduced to such an extent that the sheet resistivity 
is 100-200 Cl/a, and an etching step is carried out to 
form the electrode 18A. 

The electrodes 18C and 18D are formed as follows. 
Polysilicon is deposited having a film thickness in the 
range of 300 to 400 nanometers. Phosphorus or arsenic 
as an n-type impurity material is introduced to such an 
extent that the sheet resistivity is 20-40 O • /□. An etch- 
ing step is carried out to form the electrodes 18C, 18D. 

Each of the insulator layer 19A on top of the elec- 
trode 18A. the insulator layer 19C on top of the elec- 
trode 18C. and the insulator layer 19D on top of the 
electrode 18D, is formed as follows. TEOS or the like 
material is deposited on each electrode 18A, 18C, 18D 
having a film thickness in the range of 120 to 250 
nanometers, and an etching step is carried out. 

In the PMOS transistor 2, because of a side-wall 
surface which has a thickness in the range of 1 00 to 200 
nanometers and which is made up of the oxide layer 
20C, the silicon nitride layer 21 C, and the layer 29A, the 
source-drain region 30A is formed in a manner of self- 
alignment with the electrode 18C. 

The source-drain region 30A is formed by means of 
an ion implant step with boron. The junction depth and 
surface concentration of the region 30 A are about 0.2 
\irr\ and about 1 x lO^cm 3 , respectively. The LDD 
region 27A is formed by means of an ion implant step 
with boron using the silicon nitride layer 21 C as an 
implant side-wall. The surface concentration and junc- 
tion depth of the LDD region 27A are about 1 x 10 18 cm~ 
3 and about 0.2 urn, respectively. 

In the NMOS transistor 3, because of a side-wall 
which has a thickness in the range of 100 to 200 
nanometers and which is made up of the oxide layer 
20D, the silicon nitride layer 21 D, and the layer 29B, the 
second source-drain region 31 A is formed in a manner 
of self-alignment with the electrode 18D. 

The source-drain region 31 A is formed by an ion 
implant step with arsenic. The junction depth and sur- 
face concentration of the region 31 A are about 0.1 urn 
and about 1 x 10 20 cm* 3 , respectively. The LDD region 
28A is formed by an ion implant step with phosphorus 
using the silicon nitride layer 21 D as an implant side- 
wall. The junction depth and surface concentration of 
the LDD region 28A are about 0.2 *im and about 1 x 



10 18 cm* 3 , respectively. 

Because of these LDD structures, hot carrier resist- 
ance is improved, and by optimizing the thicknesses of 
the side-wall surfaces 29A and 29B to 100-200 nanom- 
eters, device characteristics such as hot carrier resist- 
ance and the value of saturation drain current become 
good. 

In the npn bipolar transistor 1 , the opening 33 is 
formed in a manner of self-alignment with a side-wall 
which has a thickness in the range of 200 to 300 
nanometers and which is made up of the oxide layer 
20A having a thickness in the range of 15 to 30 nanom- 
eters, the silicon nitride layer 21 A having a thickness of 
40 to 80 nanometers, and the polysilicon layer 22A hav- 
ing a thickness of about 200 nanometers. 

Each of the electrodes 25 and 26 is formed as fol- 
lows. An ion implant with ions of arsenic is carried out to 
such an extent that the film thickness is 150-300 
nanometers and the sheet resistivity is 150-300 O/ta. 

The graft base region 34 is formed as follows. 
Boron is introduced through the electrode 18A and, as 
a result, the graft base region 34, the junction depth and 
surface concentration of which are 0.2-0.4 fim and 1 x 
lO^cm* 3 to 3 x 10 20 cm" 3 , respectively, is formed. 

The base region 35 is formed as follows. Boron is 
introduced and, as a result, the base region 35, the 
junction depth and surface concentration of which are 
0.15-0.25 urn and 1 x 10 19 cm" 3 to3x 10 19 cm" 3 t respec- 
tively, is formed. 

The emitter region 23 is formed as follows. Arsenic 
is introduced through the electrode 25A, and, as a 
result, the region 23, the junction depth and surface 
concentration of which are 0.05-0.1 urn and 1 x lO^cm" 
3 to 3 x 10 20 cm" 3 respectively, is formed. 

The collector contact region 24 is formed as follows. 
Arsenic is introduced through the electrode 26 and, as a 
result, the collector contact region 24, the junction depth 
and surface concentration of which are 0.05 to 0.1 fim 
and 1 x 10 20 cm' 3 to 3 x 10 20 cm' 3 , respectively, is 
formed. 

As described above, the oxide layer 20A, the silicon 
nitride layer 21 A, and the polysilicon layer 22A together 
form the aforesaid side-wall layer. Because of such 
side-wall layer formation, the opening 33 and the emitter 
region 23 are formed in a manner of self-alignment with 
the electrode 18A and the graft base region 34, and the 
oxide layer 20A and the silicon nitride layer 21 A act as 
insulator layers for electrical isolation between the elec- 
trode 18A and the emitter extraction electrode 25. 

In accordance with the present embodiment, the 
electrode 18A has on its side-surface an insulator layer 
made up of two thin layers and, as a result, contraction 
stress by the insulator layer applied to around the perim- 
eter of the emitter-base junction is reduced, whereupon 
emitter-base leakage becomes controllable. Addition- 
ally, the side-surface of the electrode 18A in contact 
with the electrode 25 is formed of polysilicon which is a 
conductor, whereupon the opening 33 comes to have a 
greater diameter, in other words the aspect ratio of the 
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opening 33 (the ratio of the opening's 33 height to its 
diameter) decreases. As a result, the emitter resistance 
of the electrode 25 of polysilicon decreases. 

Further, if a layer of polysilicon, which is formed, by 
the same fabrication step as the layer 22A, on the side- 
surface of the electrode 18A extending towards the 
LOCOS layer 15B, is not stripped, this produces the 
problem that leakage between other conductor layers 
may occur through such a polysilicon layer or the prob- 
lem that parasitic capacitance increases, therefore lead- 
ing to deterioration in the characteristics of the npn 
bipolar transistor 1. Such an unstripped polysilicon 
layer, however, is removed during a fabrication step for 
forming the insulator side-wall layer 29A. Accordingly, 
such a problem can be avoided without increase in the 
number of fabrication steps. 

If the side-wall layer, made up of three layers, of the 
electrode 18A is thick, this results in an increase in the 
base resistance. On the other hand, if such a side-wall 
layer is thin, this results in an increase in the carrier tran- 
sit time that has an effect on the heavily-doped graft 
base region 34. As described above, the thickness of 
the side-wall layer as a result of lamination of three lay- 
ers, which determines FIRST PARAMETER of the bipo- 
lar transistor 1, is optimized to 200-300 nanometers. 
The thickness of the side-wall layers of the electrodes 
18C and 18D, which determines SECOND PARAME- 
TER, is optimized to 100-200 nanometers. In other 
words, the thickness of the bipolar transistor's 1 side- 
wall layer can be optimized independently of the thick- 
ness of the transistors' 2 and 3 side-wall layers, with 
advantages. 

EMBODIMENT 2 

Referring now to the accompanying drawing fig- 
ures, a second preferred embodiment of this invention is 
described below. 

FIGURES 2-7 depict schematic cross-sections of a 
semiconductor substrate at different stages of the fabri- 
cation of an SIC apparatus in accordance with the sec- 
ond embodiment of the present invention. 10 is a p-type 
semiconductor substrate of silicon. The semiconductor 
substrate 10 is overlaid with an epitaxial layer of an n- 
type semiconductor material. 1 is an npn bipolar transis- 
tor. 2 is a PMOS transistor. 3 is an NMOS transistor. 
12A is an n-type buried collector region for the npn bipo- 
lar transistor 1 and is formed in an upper portion of the 
silicon substrate 10. 12B is an n-type buried well region 
for the PMOS transistor 2 and is formed in an upper por- 
tion of the silicon substrate 10. 

The silicon substrate 10 is a boron-doped, (100)- 
plane silicon having a resistivity of about 1 0 O • cm. The 
npn bipolar transistor 1 , the PMOS transistor 2, and the 
NMOS transistor 3 are formed over the silicon substrate 
10. 

A photolithography step is carried out to pattern a 
layer of photoresist applied onto the surface of the sili- 
con substrate 10, to open windows at predetermined 



locations where the npn bipolar transistor 1 and the 
PMOS transistor 2 are formed. Ions of arsenic or anti- 
mony are implanted through the photoresist pattern 
serving as a mask against ion implantation to the silicon 

5 substrate 10 at a dose and implant energy of about 1 x 
1 0 1 5 cnrV 2 and 40-60 KeV, respectively. 

The photoresist mask is stripped off the silicon sub- 
strate 10 by oxygen-plasma ashing. A thermal anneal- 
ing step is carried out at a temperature in the range of 

10 11 50 to 1200 degrees centigrade for about 15-30 min- 
utes. As a result, the n-collector region 12A and the n- 
well region 12B, the junction depth and sheet resistivity 
of which are 1-2 pxn and 50-150 QJa, respectively, are 
formed. 

is An n-type epitaxial layer 1 1 is deposited on the sili- 
con substrate 1 0, having a film thickness in the range of 
0.8 to 1 .5 urn and a resistivity of 1 -5 ft • cm by impurities 
such as arsenic and phosphorus. More specifically, the 
epitaxial layer 11 is deposited at 1050 degrees centi- 
me grade at about 80 x 133.322 Pa using a mixture of 
dichlorsilane and arsine. 

FIGURE 3 is now described. 13A is an n-type col- 
lector region formed at an upper portion of the epitaxial 
layer 11. 13B is an n-type well region formed at an 
25 upper portion of the epitaxial layer 1 1 . 1 4A is an isolator 
region for isolation between devices. The isolator region 
14A is formed at an upper portion of the epitaxial layer 
11 such that the region 14A extends to the silicon sub- 
strate 1 0. 14B is a p-type well region for the NMOS tran- 
30 sistor 3. The p-well region 14B is formed at an upper 
portion of the epitaxial layer 1 1 such that the region 14B 
extends to the silicon substrate 10. 15A-15E are 
LOCOS layers for providing isolation between devices. 
16A is an insulator layer formed by means of oxidation 
35 of a surface portion of the epitaxial layer 11. 16C is a 
first gate insulator layer for the PMOS transistor 2 and is 
formed by means of oxidation of a surface portion of the 
epitaxial layer 11. 16D is a second gate insulator layer 
for the NMOS transistor 3 formed by means of oxidation 
40 of a surface portion of the epitaxial layer 1 1 . 

A photolithography step is carried out to pattern a 
layer of photoresist applied onto the surface of the epi- 
taxial layer 1 1 , so that windows are opened at predeter- 
mined locations where the npn bipolar transistor 1 and 
45 the PMOS transistor 2 are formed. Through such a pho- 
toresist pattern acting as a mask against ion implanta- 
tion, an ion implant step with ions of phosphorus is 
carried out to the epitaxial layer 11 at a dose and 
implant energy of about 1 x 10 13 cm" 2 and about 100 
so KeV, respectively 

The photoresist mask is stripped from the silicon 
substrate 10 by means of oxygen-plasma ashing. A 
photolithography step is carried out to pattern a layer of 
photoresist applied, so that windows are opened at pre- 
ss determined locations where a device isolation region for 
the npn bipolar transistor 1 and the NMOS transistor 3 
are formed. Thorough such a photoresist layer serving 
as a mask against ion implantation, an ion implant step 
with ions of boron is carried out at a dose and implant 
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energy of 1 x 10 13 cm' 2 to 2 x 10 13 cm' 2 and about 20 
KeV, respectively. The photoresist mask is stripped from 
the silicon substrate 10 by means of oxygen-plasma 
ashing, and a thermal annealing step is carried out in an 
atmosphere of nitrogen at about 1100 degrees centi- 5 
grade for 90-1 50 minutes. 

As a result of such processing, the n-collector 
region 13A, the diffusion depth and surface concentra- 
tion of which are 0.8-1.5 urn and about 5 x 10 16 cm" 3 , 
respectively, is formed extending to the n-collector w 
region 12A of the npn bipolar transistor 1. The n-well 
region 13B, the diffusion depth and surface concentra- 
tion of which are 0.8-1.5 jim and about 5 x I0 16 cm* 3 , 
respectively, is formed extending to the n-well region 
12B. The isolator region 14A, the diffusion depth and is 
surface concentration of which are 1.2-2.0 urn and 
about 7 x 10 16 cm* 3 , respectively, is formed at thedevice 
isolation region extending to the silicon substrate 10. 
The p-well region 14B, the diffusion depth and surface 
concentration of which are 1 .2-2.0 jim and about 7 x 20 
10 16 cnV 3 , respectively, is formed extending to the sili- 
con substrate 1 0. 

A silicon nitride layer is formed at the surface of the 
epitaxial layer 11. This silicon nitride layer ads as a 
selective mask at the time of forming the LOCOS layers. 25 
The silicon nitride layer is deposited by means of an 
LPCVD step in which a mixture of dichlorsilane and ars- 
ine is employed, having a film thickness of about 120 
nanometers. Subsequently, a layer of photoresist is 
applied onto the silicon nitride layer, and a photolithog- 30 
raphy step is carried out to pattern the photoresist layer 
for formation of device isolator regions for the transistors 
1, 2, 3, and an isolator region for the bipolar transistor's 
1 base collector electrode extraction portion. Thereafter, 
a dry etching step is carried out using a mixture of f Ion 35 
and a gas of the bromine family for selective removal of 
the silicon nitride layer from over the isolator regions, 
through the photoresist pattern serving as an etch 
mask. The photoresist mask is stripped from the silicon 
substrate 10 by means of oxygen-plasma ashing. Sub- 40 
sequently, a pyrogenic oxidation step is carried out at 
about 1050 degrees centigrade for about 60 minutes, to 
form the LOCOS layers 15A-E each of which has a film 
thickness in the range of 400 to 800 nanometers. 

The silicon nitride layer is removed using a solution 45 
of phosphoric acid. Subsequently, a photolithography 
step is carried out to pattern a layer of photoresist 
applied, so that a window is opened at a predetermined 
location where the PMOS transistor 2 is formed. 
Through such a photoresist pattern acting as a mask so 
against ion implantation, an ion implant with ions of 
boron is carried out at a dose and implant energy of 
about 4 x 10 12 cm' 2 and about 20 KeV, respectively, for 
the purpose of controlling the threshold voltage of the 
PMOS transistor 2. The photoresist mask is stripped 55 
from the silicon substrate 10 by means of oxygen- 
plasma ashing. Likewise, a photolithography step is car- 
ried out to pattern a layer of photoresist applied, so that 
a window is opened at a predetermined location where 



the NMOS transistor 3 is formed. Through such a pho- 
toresist pattern serving as a mask against ion implanta- 
tion, an ion implant with ions of boron is carried out at a 
dose and implant energy of about 3 x 10 12 cm 2 and 
about 40 KeV, respectively, for the purpose of controlling 
the threshold voltage of the NMOS transistor 3. As a 
result of the ion implant steps for control of the threshold 
voltages, the threshold voltage of the PMOS transistor 2 
is held from - 0.5 to - 0.8 V and the threshold voltage of 
the NMOS transistor 3 is held from 0.5 to 0.8 V. 

The photoresist mask is stripped from the silicon 
substrate 10 by means of oxygen-plasma ashing. Sub- 
sequently, the entire surface of the epitaxial layer 11 is 
subjected to a pyrogenic oxidation step at about 900 
degrees centigrade for about 30 minutes, whereupon 
the insulator layer 16A, the first gate insulator layer 16C. 
and the second gate insulator layer 16D, each of which 
has a film thickness of about 10 nanometers, are 
formed. 

FIGURE 4 is now described. 17 is an emitter-base 
formation region that is formed in a self-aligned manner. 
18A is a base extraction electrode of polysilicon for the 
npn bipolar transistor 1. 18C is a first gate electrode of 
polysilicon for the PMOS transistor 2. 18D is a second 
gate electrode of polysilicon for the NMOS transistor 3. 
19A is a TEOS insulator layer on top of the electrode 
18A. 19C is a TEOS insulator layer on top of the elec- 
trode 18C. 19D is a TEOS insulator layer on top of the 
electrode 18D. 20A is an oxide layer formed at a side- 
surface of the electrode 18A of the npn bipolar transis- 
tor 1 by thermal oxidation. 20C is an oxide layer formed 
at a side-surface of the electrode 18C of the PMOS 
transistor 2 by thermal oxidation. 20D is an oxide layer 
formed at a side-surface of the electrode 18D of the 
NMOS transistor 3 by thermal oxidation. 34 is a graft 
base region for the npn bipolar transistor 1. 35 is an 
active base region for the npn bipolar transistor 1 . 

An etching step, which uses a photoresist mask 
produced by photolithography as an etch mask and 
which uses a mixture of ammonium fluoride and 
hydrofluoric acid, is carried out to selectively etch away 
the insulator layer 16A of the npn bipolar transistor 1 . 

The photoresist mask is stripped from the silicon 
substrate 10 by means of oxygen-plasma ashing. Sub- 
sequently, a layer of polysilicon is deposited 300-400 
nanometers on the entire surface of the epitaxial layer 
11 by an LPCVD step in which a silane gas is used, for 
formation of the electrodes of the transistors 1-3. Then, 
through a predetermined photoresist pattern for the npn 
bipolar transistor 1 serving as a mask against ion 
implantation, an ion implant with ions of boron is carried 
out at a dose in the range of 5 x 10 15 cm" 2 to 1 x 10 16 cm" 
2 at an implant energy of about 40 KeV. Subsequently, 
an oxygen-plasma ashing step is carried out to strip the 
photoresist mask. Subsequently, through a predeter- 
mined photoresist pattern for the transistors 2 and 3 
serving as a mask against ion implantation, an ion 
implant with ions of phosphorus is carried out at a dose 
in the range of 1.5 x 10 16 cm 2 to 3 x 10 16 cm 2 at an 
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implant energy of about 40 KeV. 

An oxygen-plasma ashing step is carried out to strip 
the photoresist mask An LPCVD step, in which a mix- 
ture of TEOS and oxygen is employed, is carried out at 
about 700 degrees centigrade in order to deposit a 120- 
to 250-nm thick oxide layer on the entire surface of the 
previously deposited polysilicon layer. Subsequently by 
using a predetermined photoresist pattern as a mask 
against dry etching, the oxide layer deposited is dry 
etched using a mixture of CHF 3 , ammonia, and oxygen. 
Thereafter, the polysilicon layer deposited is etched ani- 
sotropically using a mixture of SF 6 , C 2 , and CIF 5 , to 
form the electrode 18A having a sheet resistivity in the 
range of 100 to 200 &u, and the electrode 18C and the 
electrode 18D having a sheet resistivity in the range of 
20 to 40 QJn. The insulator layers 19A, 19C, 19D each 
having a film thickness in the range of 120 to 250 
nanometers are formed on the electrodes 18A, 18C, 
18D, respectively, and at the same time the emitter- 
base formation region 1 7 for the npn bipolar transistor 1 
is opened. 

The photoresist mask is removed by means of oxy- 
gen-plasma ashing. This is followed by a thermal 
annealing step at about 900 degrees centigrade for 
about 30 minutes in an atmosphere of oxygen, where- 
upon the oxide 20A layer is formed at the electrode's 
18A side-surface, the oxide layer 20C is formed at the 
electrode's 18C side-surface, and the oxide layer 20D is 
formed at the electrode's 18D side-surface, each oxide 
layer 20A, 20C, 20D having a film thickness in the range 
of 15 to 30 nanometers. 

A thermal annealing step is carried out at about 950 
degrees centigrade for about 30 minutes in an atmos- 
phere of nitrogen. This annealing step forces the boron 
impurities contained in the electrode 18A of the npn 
bipolar transistor 1 into the n-collector region 13A and, 
as a result the graft base region 34, the junction depth 
and surface concentration of which are 0.2-0.4 jmm and 
1 x 10 20 cm 3 to 3 x 10 20 cm- 3 , respectively, is formed. 

Using a photoresist pattern by a photolithography 
step and the electrode 18A as a mask against ion 
implantation, an ion implant with ions of boron is carried 
out at a dose and implant energy of about 1 x 10 13 cm" 2 
and about 10 KeV, respectively and, as a result, the 
active base region 35 is formed, having a junction depth 
in the range of 150 to 250 nanometers and a surface 
concentration in the range of 1 x 10 19 cm* 3 to 3 x 
10 19 cm' 3 . This is followed by removal of the photoresist 
mask by means of oxygen-plasma ashing. 

FIGURE 5 is now described. 21 A is a silicon nitride 
layer over the side-surface of the electrode 18A. 21 C is 
a silicon nitride layer over the side-surface of the elec- 
trode 18C. 21 D is a silicon nitride layer over the side- 
surface of the electrode 18D. 22A and 22B are layers of 
polysilicon over the side-surfaces of the electrodes 18A, 
18A. 22E is a layer of polysilicon over the side-surface 
of the electrode 18C. 22F is a layer of polysilicon over 
the side-surface of the electrode 18D. 33 is an emitter 
extraction opening which is formed in a manner of self- 



alignment with the layers 22 A and 22 B. 

A silicon nitride layer is deposited over the entirety 
of the epitaxial layer 22 by means of an LPCVD step in 
which a mixture of dichlorsilane and arsine is used in 
s order that insulator layers are formed on the side-sur- 
faces of the electrodes 18A, 18C, 18D, each insulator 
layer having a film thickness in the range of 40 to 80 
nanometers. 

A layer of polysilicon is deposited about 200 
w nanometers on the silicon nitride layer for formation of 
side-wall layers for the electrodes 18 A, 18C. 

The polysilicon layer deposited is etched anisotrop- 
ically using a mixture of SF 6 and CCI 4 so as to form the 
polysilicon layers 22A and 22B on the side-surfaces of 
15 the electrodes 18A, 18A, the polysilicon layer 22E on 
the side-surface of the electrode 18C. and the polysili- 
con layer 22F on the side-surface of the electrode 18D. 

Using the polysilicon side-wall layers as masks 
against etching, an etching step is carried out using a 

20 mixture of f Ion and a gas of the bromine family, to form 
the silicon nitride layer 21 A on the side-surface of the 
electrode 18A, the silicon nitride layer 21 C on the side- 
surface of the electrode 18C, and the silicon nitride layer 
21 D on the side-surface of the electrode 1 8D. 

25 An etching step, which uses a mixture of ammo- 
nium fluoride and hydrofluoric acid, is carried out to strip 
the oxide layer from the collector electrode formation 
region in the npn bipolar transistor 1 , from the opening 
33, and from the source and drain formation regions of 

30 the transistors 2, 3. As a result, a 200-300 nm thick side- 
wail layer, made up of three different layers (i.e., the 
oxide layer 20A, the silicon nitride layer 21 A, and the 
polysilicon layer 22A), is formed and, at the same time, 
the opening 33 is formed in a self-aligned manner. 

35 in accordance with the present embodiment, FIRST 
PARAMETER is determined by the aforesaid side-wall 
layer formed of the three layers 20A, 21 A, 22 A. 

FIGURE 6 is now described. 23 is an emitter region 
for the npn bipolar transistor 1. The emitter region 23 is 

40 formed in a manner of self-alignment with the layers 
22A, 22B on the side-surfaces of the electrodes 18A, 
18A. 24 is a collector contact region for the npn bipolar 
transistor 1 which is formed by means of thermal 
annealing. 25 is an emitter extraction electrode for the 

45 npn bipolar transistor 1. This electrode 25 is formed of 
polysilicon. 26 is a collector extraction electrode for the 
npn bipolar transistor 1. This electrode 26 is formed of 
polysilicon. 27A is a first LDD region that is formed 
using the silicon nitride layer 21 C as a side-wall. 28A is 

so a second LDD region that is formed using the silicon 
nitride layer 21 D as a side-wall. 

A layer of polysilicon is deposited 150-300 nanom- 
eters on the entire surface of each device formed on the 
epitaxial layer 11, by means of an LPCVD step using a 

55 silane gas, for formation of the electrodes 25 and 26. An 
ion implant with ions of arsenic is carried out to the 
deposited polysilicon layer, at a dose and implant 
energy of about 1 x 10 16 cm* 2 and about 60 KeV. 

A thermal annealing step is carried out at 900 
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degrees centigrade for 30-60 minutes in an atmosphere 
of nitrogen and, as a result, the arsenic impurities con- 
tained in the deposited polysilicon layer are diffused into 
the n-collector region 13A to form the collector contact 
region 24 and also into the active base region 35 to form 5 
the emitter region 23. The junction depth and surface 
concentration of both the collector contact region 24 
and the emitter region 23 are 50 to 100 nanometers and 
1 x 10 20 cm 3 to 3 x I0 20 cnv 3 , respectively. 

Next, using a predetermined photoresist pattern by 
a photolithography step as a mask against etching, an 
RF etching step, which uses a mixture of HQ, HBr and 
oxygen, is carried out to the deposited polysilicon layer 
at a processing pressure in the range of 100 x 133.322 
mPa to 200 x 133.322 mPa, whereupon the electrodes 
25 and 26 for the npn bipolar transistor 1 are formed 
having a sheet resistivity in the range of 1 50 to 300 Ofa. 

Another RF etching step is carried out under the 
same etching parameters as the previous one, so as to 
strip the layers 22E and 22F from the electrodes' 18C, 
18D side-surfaces. Subsequently, the photoresist mask 
is removed by means of oxygen-plasma ashing. 

Using both a photoresist pattern by a photolithogra- 
phy step and the silicon nitride layer 21 C at the side-sur- 
face of the electrode 18C as a mask against ion 
implantation, an ion implant with ions of boron is carried 
out at a dose and implant energy of about 5 x 10 12 cm" 2 
and about 20 KeV. respectively and. as a result, the 
LDD region 27A is formed in a manner of self -alignment 
with the silicon nitride layer 21 C at the side-surface of 
the electrode 18C. The junction depth and surface con- 
centration of the LDD region 27A are about 0.2 fim and 
about 1 x 10 18 cnr 3 respectively. Subsequently, an oxy- 
gen-plasma ashing step is carried out to remove the 
photoresist mask. 

Next, using both a photoresist pattern produced by 
a photolithography step and the silicon nitride layer 21 D 
as a mask against ion implantation, an ion implant with 
ions of phosphorus is carried out at a dose and implant 
energy of about 1 x 10 13 cm' 2 and about 40 KeV, respec- 40 
tively. As a result, the LDD region 28A is formed in a 
manner of self-alignment with the silicon nitride layer 
21 D. The junction depth and surface concentration of 
the LDD region 28A are about 0.2 urn and 1 x 10 18 cm" 
3 respectively. The photoresist mask is stripped by 45 
means of oxygen-plasm ashing. 

In accordance with the present embodiment, the 
electrode 18A has the side-wall covered with an insula- 
tor layer made up of two thin layers and, as a result, con- 
traction stress by the insulator layer applied to around so 
the perimeter of the emitter-base junction is reduced, 
whereupon leakage between emitter and base 
becomes controllable. Additionally, the side-surface of 
the electrode 18A in contact with the electrode 25 is 
formed of polysilicon which is a conductor, whereupon ss 
the opening 33 comes to have a greater diameter, in 
other words the aspect ratio of the opening 33 (the ratio 
of the opening's 33 height to its diameter) decreases. 
As a result, the emitter resistance of the electrode 25 of 



polysilicon decreases. 

Further, if a polysilicon layer lying over portions of 
the side-surface of the electrode 18A which do not 
belong to the region 17, is not stripped, this produces 
the problem that the npn bipolar transistor 1 is likely to 
have poor characteristics due to leakage between other 
conductor layers by the polysilicon layer left unstripped 
or due to increase in the parasitic capacitance. Such an 
unstripped polysilicon layer, however, is stripped at the 
same time that the layer 22E is stripped. Accordingly, 
such a problem can be avoided without increase in the 
number of fabrication steps. 

FIGURE 7 is now described. 29A is a TEOS insula- 
tor side-wall layer for the electrode 18C. 29B is a TEOS 
insulator side-wall layer for the electrode 18D. 30A is a 
first source-drain region formed in a manner of self- 
alignment with the side-wall layer 29A. 31 A is a second 
source-drain region formed in a manner of self-align- 
ment with the side-wall layer 29B. 32A is a TEOS insu- 
lator side-wall layer for the electrode 18A. 

Insulator layers for the gate electrode side-walls are 
formed as follows. An oxide layer is deposited about 1 50 
nanometers over the devices on the epitaxial layer 1 1 by 
performing an LPCVD step using a mixture of TEOS 
and oxygen at about 700 degrees centigrade. 

The oxide layer deposited is etched anisotropic^! y 
using a mixture of oxygen and helium, whereupon the 
side-wall layers 29A, 29B, 32A are formed. 

As a result, a side-wall, which is made up of the 
oxide layer 20C, the silicon nitride layer 21 C, and the 
insulator side-wall layer 29A, is formed. Additionally, a 
side-wall, which is made up of the oxide layer 20D, the 
silicon nitride layer 21 D, and the insulator side-wall layer 
29B, is formed. 

In accordance with the present embodiment, SEC- 
OND PARAMETER of both the transistors 1 and 2 is 
determined by the above-described side-walls. There- 
fore, FIRST PARAMETER can be determined and opti- 
mized independently of SECOND PARAMETER. 

An ion implant with ions of boron, in which a pho- 
toresist pattern produced by a photolithography step 
and the insulator side-wall layer 29 A are used as a 
mask against ion implantation, is carried out at a dose 
and implant energy of about 5 x 10 15 cm" 2 and about 10 
KeV, respectively. As a result, the source-drain region 
30A is formed in a manner of self-alignment with the 
side-wall layer 29A. The junction depth and surface 
concentration of the source-drain region 30A are about 
0.2 ftm and 1 x 10 20 cm* 3 , respectively. 

The photoresist mask is stripped by means of oxy- 
gen-plasm ashing. Subsequently, an ion implant with 
ions of arsenic, in which a photoresist pattern produced 
by a photolithography step and the insulator side-wall 
layer 29B are used as a mask against ion implantation, 
is carried out at a dose and implant energy of about 5 x 
10 15 cm" 2 and about 40 KeV, respectively. As a result, 
the source-drain region 31 A is formed in a manner of 
self-alignment with the side-wall layer 29B. The junction 
depth and surface concentration of the source-drain 
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region 31 A are about 0.1 urn and about 1 x 10 20 cm' 3 , 
respectively. The photoresist mask is stripped by means 
of oxygen-plasma ashing. 

Claims 5 



layer is additionally formed at a different side-sur- 
face of said base electrode facing in such a direc- 
tion that said base extraction electrode extends 
over a layer for isolation between devices which 
surrounds said graft base region. 



1 . A semiconductor integrated circuit apparatus com- 
prising: 

(a) a bipolar transistor formed on a substrate of 10 
semiconductor material; 

(b) a MOS transistor formed on said semicon- 
ductor substrate; 

said bipolar transistor including: 
(a-1 ) a base extraction electrode; 15 

said base extraction electrode being 
associated with a graft base region around a 
base region; 

said base extraction electrode being 
overlaid with a first insulator layer, and having 20 
at a 6ide-6urface thereof a first side-wall layer; 
(a-2) an emitter region; 

said emitter region being formed in a 
manner of self-alignment with said first side- 
wall layer; 25 
(a-3) an emitter extraction electrode; 

said MOS transistor including: 
(b-1) agate electrode; 

said gate electrode being overlaid with a 
second insulator layer, and having at a side- 30 
surface thereof a second side-wall layer; 
(b-2) a source-drain region; 

said source-drain region being formed in 
a manner of self-alignment with said second 
side-wall layer; 35 

wherein: 

said first side-wall layer is formed by 
lamination of a third insulator layer formed on 
the side-surface of said base extraction elec- 
trode and a conductor layer overlying said third 40 
insulator layer; 

said second side-wall layer is composed 
of a fourth insulator layer that is formed 
together with said third insulator layer in a sin- 
gle fabrication step. 45 

2. A semiconductor integrated circuit apparatus 
according to claim 1 wherein said second side-wall 
layer is formed by lamination of said fourth insulator 
layer formed on the side-surface of said gate elec- so 
trode and a fifth insulator layer overlying said fourth 
insulator layer. 

3. A semiconductor integrated circuit apparatus 
according to claim 2 wherein said fifth insulator ss 
layer is a layer of silicon oxide. 

4. A semiconductor integrated circuit apparatus 
according to daim 1 wherein said second side-wall 



5. A semiconductor integrated circuit apparatus 
according to claim 1 wherein said third insulator 
layer is formed by lamination of an oxide layer 
formed on the side-surface of said base extraction 
electrode and a silicon nitride layer overlying said 
oxide layer. 

6. A semiconductor integrated circuit apparatus 
according to claim 1 wherein said conductor layer is 
a layer of polysilicon. 

7. A method of fabricating a semiconductor integrated 
circuit apparatus composed of a bipolar transistor 
and a MOS transistor formed on a single semicon- 
ductor substrate, said method comprising the steps 
of: 

(a) forming over said semiconductor substrate 
an isolation layer for insulating said bipolar 
transistor and said MOS transistor, and forming 
a gate insulator layer over device regions 
excluding the region where said isolation layer 
has already been formed; 

(b) performing an etching process step to strip 
said gate insulator layer from a region where 
said bipolar transistor is formed, and depositing 
a first conductor layer and a first insulator layer 
over the entirety of said semiconductor sub- 
strate; 

(c) subjecting said first insulator layer and said 
first conductor layer to an etching process step 
to form a base extraction electrode tor said 
bipolar transistor, an insulator layer on top of 
said base extraction electrode, a gate electrode 
for said MOS transistor, and an insulator layer 
on top of said gate electrode; 

(d) forming a second insulator layer on a side- 
surface of said base extraction electrode, on 
top of an emitter formation region surrounded 
by said base extraction electrode, and on a 
side-surface of said gate electrode, and depos- 
iting on the entirety of said semiconductor sub- 
strate a third insulator layer and a second 
conductor layer; 

(e) subjecting said second conductor layer to 
an etching process step to form on the side- 
surface of said base extraction electrode and 
on the side-surface of said gate electrode a first 
side-wall layer composed of said second insu- 
lator layer, said third insulator layer, and said 
second conductor layer; 

(f) performing an etching step, in which said 
first side-wall layer serves as an etch mask, to 
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remove said third and second insulator layers 
from said emitter formation region, for self- 
aligned formation of an opening for an emitter 
extraction electrode; 

(g) depositing a third conductor layer on the 5 
entirety of said semiconductor substrate, selec- 
tively etching said third conductor layer to form 
above said opening said emitter extraction 
electrode, and performing an etching process 
step to remove said second conductor layer of 10 
said first side-wall layer from other side-sur- 
faces of said base extraction electrode except 

the side-surface thereof covered with said emit- 
ter extraction electrode, and from the side-sur- 
face of said gate electrode, to form a second 15 
side-wall layer; 

(h) forming said source-drain formation region 
in a manner of self-alignment with said second 
side-wall layer. 

20 

8. A method of fabricating a semiconductor integrated 
circuit apparatus according to claim 7 further com- 
prising, after said step (g), depositing a fourth insu- 
lator layer on the entirety of said semiconductor 
substrate, and subjecting said fourth insulator layer 25 
to an etching process step to form on the side-sur- 
face of said gate electrode said second side-wall 
layer composed of said second insulator layer, said 
third insulator layer, and said fourth insulator layer. 
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